Reproductive performance of mammalian females depends on a broad set of extrinsic and intrinsic factors. One of the most important attributes for a female ungulate is body condition, which depends on food availability. Forage supply, in turn, is dependent on habitat quality, weather conditions, and animal density. The main objectives of our study, conducted in Augustów, Knyszyn, and Białowieża Forests in northeastern Poland from 2006 to 2011, were to quantify reproductive characteristics of female red deer (Cervus elaphus) and determine factors affecting their fertility. Targeted populations of nonmigratory deer were part of an almost natural system, which included seminatural closed forests, a multispecies ungulate guild, and large carnivores. Red deer in northeastern Poland occurred at relatively low densities and females exhibited good reproductive potential, reflected by high fertility rate, low age at 1st reproduction, and lack of reproductive senescence. Fertility was affected by age and body condition. The positive effect of body mass on female fertility declined with age, while the opposite relationship occurred with mandible fat content-its effect increased with female age. Environmental factors and population density did not affect fertility. Early survival and recruitment of young were high (73% and 52 young per 100 females, respectively). Survival of young increased with age of mother in young and prime-aged females and decreased in older females. Summer weather conditions at the time of the study were stable; therefore, their effect on female fertility was not evident. The negative effects of density dependence, which operate mainly through female body condition in this large ungulate, were weak, resulting in adequate food resources, and high fertility rates and population productivity.
Reproduction of ungulate females plays a key role in population dynamics. Female reproduction is assumed to express the effect of a broad set of extrinsic and intrinsic factors (Guinness et al. 1978a; Hamel et al. 2010) . Fertility of female ungulates is closely related to pre-ovulation body condition determining the probability of ovulation and conceiving (Mitchell and Brown 1974; Garel et al. 2009; Monteith et al. 2013) . Female body weight is a good predictor of pregnancy probability in red deer (Cervus elaphus- Albon et al. 1983; Morano et al. 2013) , roe deer (Capreolus capreolus- Gaillard et al. 1992) , moose (Alces alces- Saether and Haagenrud 1985) , white-tailed deer (Odocoileus virginianus- Simard et al. 2014) , and caribou (Rangifer tarandus -Pachkowski et al. 2013) . Differences in fertility of female ungulates between age classes most often reflected age-specific variation in body condition (Albon et al. 1672 JOURNAL OF MAMMALOGY (Clutton-Brock et al. 1987; Gaillard et al. 2000) . Independent of population density, weather conditions can influence fertility via body condition directly by affecting thermoregulatory costs of females or indirectly by having an impact on food resources (Wade and Schneider 1992; Langvatn et al. 1996; Simard et al. 2010; Proffitt et al. 2014) . Moreover, female fertility can be suppressed when the high cost of lactation is met with poor foraging conditions (Guinness et al. 1978a; Clutton-Brock et al. 1983; Hamel et al. 2010; Simard et al. 2014) .
Body condition of female ungulates has a strong effect on other aspects of reproductive performance, such as age at 1st breeding or reproductive senescence. For both domestic and wild mammals, age at 1st reproduction in females is correlated with body mass, which increases the probability of ovulation and conception (red deer- Hamilton and Blaxter 1980; roe deer-Gaillard et al. 1996; moose-Saether and Haagenrud 1985; white-tailed deer-Verme 1969 ; bighorn sheep, Ovis canadensis- Jorgenson et al. 1993) . Therefore, in populations exposed to unfavorable environmental conditions, reproduction can be considerably delayed (Langvatn et al. 1996; Proaktor et al. 2008) . Breeding investments in ungulates at any point of their life influence their future reproduction via influences on body condition (Stearns 1992; Monteith et al. 2013; Morano et al. 2013) . Thus, the expected senescence in reproductive performance produces a bell-shaped curve in ungulate reproductive patterns, with an increase after reaching puberty, stabilization in prime-aged females, and a decrease at the end of life (Rose 1991; Gaillard et al. 2000; Nussey et al. 2006) . Nevertheless, in wild mammal populations, reproductive senescence is often difficult to observe because of high levels of extrinsic mortality.
Reproductive parameters and drivers of red deer female fertility have been broadly analyzed and discussed, both in Europe (Wegge 1975; Guinness et al. 1978a; Albon et al. 1983; CluttonBrock et al. 1987; Langvatn et al. 1996; Bertouille and de Crombrugghe 2002; Bonenfant et al. 2002) and North America (Cook et al. 2004; Stewart et al. 2005; Davidson et al. 2012; Johnson et al. 2013; Morano et al. 2013; Proffitt et al. 2014) . Compared with those in North America, most studies in Europe were performed on nonmigratory red deer populations living in human-altered habitats, where natural ungulate guilds were limited to 1 or 2 species and large carnivores were absent. Our study, in 3 large woodlands of northeastern Poland, was conducted on a population which in many respects can be regarded as a model. Red deer inhabited large, closed forests still maintaining primeval traits, and coexisted with a natural set of ungulate species ( Borowik et al. 2013) . Data from these populations can serve as a much-needed reference point for understanding mechanisms that shape reproduction in naturally occurring, low-density populations.
In this study, our goals were to 1) quantify reproductive parameters of female red deer, such as fertility rate, age at 1st reproduction, and reproductive senescence and 2) identify the presence of density-dependent and density-independent factors, and their potential influence on reproduction. We hypothesized that fertility would increase in young females, stabilize in primeaged females, and decline in old females. We also expected that female fertility would be positively correlated with body condition and negatively with population density and unfavorable weather conditions. Moreover, weather and density would have a stronger effect on fertility of primiparous females compared with older females. Finally, we tested the hypothesis that survivorship of young in the first months of life would be positively associated with age of the mother, because of improved maternal body condition and increasing female experience (CluttonBrock et al. 1982; Mech and McRoberts 1990) .
Materials and Methods
Study area.-The study area covered 3 large forests (Augustów, Knyszyn, and Białowieża) latitudinally distributed in northeastern Poland (total area approximately 3,400 km 2 ; 22°80-23°94′E, 52°59′-54°10′N, maximum distance: N-S: 167 km and W-E: 86 km; Fig. 1 ). Augustów Forest (1,160 km 2 ) was commercially managed by State Forests with minor parts protected by nature reserves and Wigry National Park. Almost 85% of Augustów Forest constituted coniferous forests where Scots pine (Pinus sylvestris; 77.4% of the area) and Norway spruce (Picea abies; 7.4%) dominated. Stands of silver and downy birches (Betula pendula and B. pubescens; 6.5%), black alder (Alnus glutinosa; 6.3%), and English oak (Quercus robur; 1.9%) occurred in lower proportions (Sokołowski 2006) . Four ungulate species occurred in Augustów Forest: red deer, moose, roe deer, and wild boar. The most abundant were roe deer and red deer. Red deer, roe deer, and wild boar were game species, whereas moose hunting has been banned since 2001 (Wawrzyniak et al. 2010) . Hunting was allowed on 17 hunting grounds (34-106 km 2 each). Two large predators (wolf and lynx) occurred, though lynx ranges were limited to the southern part of Augustów Forest (Jędrzejewski et al. 2002 (Jędrzejewski et al. , 2012 .
Knyszyn Forest (1,140 km 2 ) was largely managed by State Forests. The most valuable fragments of habitats were protected by nature reserves. Knyszyn Forest mainly covered coniferous forests (81% of the area), which in some places preserved primeval traits. The main tree species were Scots pine (70% of total area), Norway spruce (11%), silver and downy birches (7%), and English oak (6%-Sokołowski 2006). Black alder (4%) prevailed in riparian and bog forests. Knyszyn Forest was inhabited by the same 4 ungulate species. The European bison, a protected species, occurred in the northeastern part. Roe deer and red deer were the most abundant ungulates. Hunting occurred in 27 hunting areas (28-88 km 2 each). Ungulate populations also were subject to wolf and lynx predation (Jędrzejewski et al. 2012) .
Białowieża Forest (635 km 2 ) was protected by Białowieża National Park (BNP; 105 km 2 ) and nature reserves (118 km 2 ) and managed by State Forests districts (Białowieża, Hajnówka, and Browsk). Białowieża Forest was the last woodland on the North European Plain with large fragments of natural temperate forests preserved. The forest was characterized by a high diversity of tree species, including the dominant Scots pine (27% of the total area), Norway spruce (25%), black alder (20%), English oak (12%), and silver and downy birches (8%), while small-leaved lime (Tilia cordata), Norway maple (Acer platanoides), common ash (Fraxinus excelsior), aspen (Populus tremula), hornbeam (Carpinus betulus), and elms (Ulmus sp.) occurred as admixtures (Sokołowski 2006) . Five native ungulate species occurred in Białowieża Forest: European bison, moose, red deer, roe deer, and wild boar. The most abundant ungulates were red deer and wild boar. The managed part of Białowieża Forest was divided into 9 hunting areas (25-93 km 2 each). Hunting was not allowed in BNP and nature reserves. Ungulates were preyed upon by wolves (Jędrzejewski et al. 2000 (Jędrzejewski et al. , 2002 (Jędrzejewski et al. , 2012 and lynxes (Okarma et al. 1997) .
In all 3 woodlands, red deer were nonmigratory, and their home ranges did not differ among seasons and years (Kamler et al. 2008) . Red deer were the most common ungulate in all forests studied; their proportion in the ungulate guild ranged from 34% in Augustów Forest to 47% in Białowieża Forest. Wolf and lynx predation were the most important mortality factors. Both predators took up to 20% of the red deer population annually, while culling reduced the population by 5-10%.
Females constituted 45-68% of red deer harvest during hunting seasons. In all forests studied, ungulates were supplemented, primarily with hay, during winter. Supplementary feeding, as a traditional management measure, was aimed at improving nutritional condition of habitats in periods of limited natural supply. As winters have gotten milder in recent years, less food has been provided than traditionally and was more often used as a bait distributed close to the places convenient for culling (i.e., forest glades, hunting towers- Wawrzyniak et al. 2010 ). In the whole study area, both wolves and lynxes were protected and not subject to hunting.
The climate of the study area was transitional between Atlantic and continental types. Winter lasted more than 100 days, whereas summer was around 90 days. The mean annual temperature was 6.8°C. The coldest month was January (−4.5°C), the warmest was July (17.1°C). Between-year variation in monthly temperatures was considerably lower in vegetative seasons (April-October) than in colder periods (November-March). Annual precipitation was 650 mm. Summer rains represented 64% of the annual precipitation. The minimum precipitation was registered in February (27 mm), whereas the maximum was in July (73-76 mm). Snow cover persisted for around 100 days. The vegetative season in the study area increased southwards from 190 to 205 days (Górniak 2000; Radzka 2014) .
Collection and analyses of red deer samples.-During the hunting seasons (1 October-15 January) of 2006-2007 to 2010-2011 , hunters extracted the reproductive tracts and jaws of female red deer culled in Augustów, Knyszyn, and Białowieża Forests. Hunters put the collected material into plastic bags labeled with the location, date, lactation status, and dressed body mass (after evisceration) and they stored samples at −10°C. In total, we collected 541 samples: 243 in Augustów Forest, 81 in Knyszyn Forest, and 217 in Białowieża Forest (Fig. 1 ). Our data comprised 5 autumn-winter seasons-2006-2007: 33 samples; 2007-2008: 101; 2008-2009: 96; 2009-2010: 139; and 2010-2011: 172 . Most samples (338; 62%) were complete, i.e., they included a reproductive tract, whole jaw, and all information. The median date of culling was 18 November.
After culling, hunters weighed eviscerated carcasses (± 1 kg). In total, we received 395 records of body mass. To obtain an estimate of fat proportion in mandible marrow, we extracted marrow from jaws (N = 450), weighed it (± 0.1 g), dried it at 70°C until dry, and then weighed it again. We calculated the percentage of fat in the marrow for each sample based on the formula: dry marrow weight/fresh marrow weight*100 (Okarma 1989 ). We did not observe an effect of date on measures of mandible marrow fat and body mass (r = 0.04, r = 0.004, respectively; both P > 0.05). Primary incisors (N = 473) served for determination of female age based on the tooth cementum aging method (Matson 1981) .
We assessed fertility of female red deer by examining the uteri and ovaries from harvested deer. We assumed that most females conceived at the 1st ovulation in the season (end of September-beginning of October- Guinness et al. 1971; Mitchell and Lincoln 1973) . Fertile females had current corpora lutea in ovaries, with or without embryos in the uterus. Infertile females were those without current corpora lutea and embryos. As all females culled from early November onward and classified as fertile had signs of pregnancy (corpora lutea and embryo or fetus), we assumed that all fertile females were pregnant.
After culling, hunters examined the udder for signs of lactation and indicated their observations on an attached label. In total, we obtained 323 records of lactation status of females. We used the presence of lactation as an index of survival of young in the first months. In woodlands of northeastern Poland, where predation can have a significant impact on early survival of young (Okarma et al. 1997; Jędrzejewski et al. 2000) , lactation in females that lost young would have been difficult to observe a few months later. Therefore, the absence of lactation in females in the autumn-winter period did not necessarily indicate that they had not reproduced in the previous season.
Environmental covariates and population density.-As a proxy of forage availability, we used habitat productivity of the forests studied. We assumed that mixed and deciduous forest stands were more productive than coniferous stands and provided more diverse forage for red deer (Dzięciołowski 1970; Bobek et al. 1975) . We calculated the percentage of deciduous and mixed tree stands in all forest areas in forest districts (N = 13; mean forest area: X = 169 km 2 ) based on the Corine Land Cover 2006 database (European Environment Agency 2013) using the ArcView GIS software by ESRI (version 9.3.1). The Regional Directorate of State Forests in Białystok provided information on supplementary winter feeding (expressed in tons of hay delivered in each forest district) during the autumnwinter season in the 3 woodlands. The quantity of hay provided was habitat dependent: greater in coniferous stands than in mixed and deciduous ones.
For each forest and year (2006) (2007) (2008) (2009) (2010) (2011) , we calculated mean summer (June-August) and winter (December-February) temperatures from the MODIS data set (The Terra MOD11A2 product -Land Surface Temperature and Emissivity-Wan 2008; NASA LP DAAC 2016) by averaging 8-day temperature records provided at a spatial resolution of 1 km. Data on total precipitation in summer (June-August) for each year based on daily datasets (spatial resolution of 0.25°) provided by the Global Satellite Mapping of Precipitation (GSMaP) project (sponsored by JST-CREST, promoted by the JAXA Precipitation Measuring Mission Science Team, and distributed by the Earth Observation Research Center, Japan Aerospace Exploration Agency- Okamoto et al. 2005; Ushio et al. 2009 ). During our study, total summer precipitation ranged among localities from 161 to 325 mm (X = 229 mm), whereas mean summer temperature ranged from 18.8 to 22.4°C (X = 21.0°C).
Estimation of density encompassed entire red deer populations of Augustów, Knyszyn, and Białowieża Forests. During 2006-2011, deer managers conducted inventories (driving counts) in winter (December-February)-twice in Augustów Forest (2008) (2009) (2010) (2011) , once in Knyszyn Forest (2010-2011), and 5 times in Białowieża Forest (each season [2006] [2007] [2008] [2009] [2010] [2011] . Sample plots (forest compartments or blocks of compartments) covered about 10% of the study area. Since density estimates in each of the forest districts were consistent across years and red deer were not counted every year in Augustów and Knyszyn Forests, we calculated mean density (individual/km 2 ) by averaging deer densities over all years in appropriate sample plots (Pucek et al. 1975; Jędrzejewska et al. 1997; Borkowski et al. 2011) .
Early season survival of young and recruitment.-We expressed the early season survival of young among adult females (≤ 2.5 years old) as the percentage of young that survived until the age of 0.5 year. We calculated this characteristic by dividing the proportion of lactating females in a given age category (t) by the proportion of fertile females 1 year younger (t − 1). We estimated recruitment of young in the autumn-early winter period based on lactation data and expressed it as number of young per 100 females.
Statistical analyses.-Due to the small number of females sampled in older age categories, the comparison of body condition indices and the percentage of fertile and lactating females belonging to different age categories required creating 8 classes: 1 year old, 2, 3, 4, 5-6, 7-8, 9-11, and 12-19 years old. Since body condition indices followed a normal distribution, we tested differences in body condition among age classes with 1-way analysis of variance. We tested differences in the proportion of pregnant, lactating females among all age classes with Pearson's chi-square tests (Sokal and Rohlf 2012 ). Since we did not observe significant woodland-related differences in red deer fertility for any female age classes (Pearson's chi-square test, P-values ranged from 0.239 to 1), all analyses used pooled data from all 3 forests (N = 338).
To model which factors affected fertility in female red deer, we used the following set of independent variables: body mass, age, percentage of mandible marrow fat, percentage of deciduous and mixed forests, amount of supplementary winter feeding, population density, mean winter temperature, mean summer temperature, and total summer precipitation. We checked for multicollinearity among the potential explanatory variables by applying Pearson's correlation coefficients. Only the most relevant, weakly or noncorrelated (r < |0.5|) covariates were included in the final models, which resulted in the removal of percentage of deciduous and mixed forests, supplementary winter feeding, and mean winter temperature. We fit generalized linear mixed models for binomial data (Zuur et al. 2009 ). We set pregnancy as a dependent binominal variable: "1" was attributed to pregnant females and "0" to nonpregnant ones. Since we sampled in 3 study sites (woodlands) over 5 hunting seasons, we included study site as a random factor in our models. We developed 3 different sets of models. The 1st set included all females. We decided to run also separate models for subadult (1 year old) and adult females (≥ 2 years old) because we observed the highest variation in fertility between these 2 cohorts of females. For models that included multiple age classes of females, we included the main effects of population density, mean summer temperature, and total summer precipitation, and as interactive effects, age, body mass, and percentage of mandible marrow fat. For just subadult females, we included all explanatory variables as main additive effects, with no interaction terms. We ranked models containing all possible combinations of explanatory variables with the Akaike information criterion (AIC) with a 2nd-order correction for small sample size (AIC c ). Since the differences between AIC c scores among highly ranked models were low and could have been affected by the presence of additional irrelevant variables, we applied model averaging on the selected confidence set of models: (ΔAIC c ≤ 5- Burnham and Anderson 2002; Arnold 2010) . To calculate the relative importance of each explanatory variable in the selected confidence set, we calculated importance weights (∑AIC w i - Burnham and Anderson 2002; Arnold 2010) .
We chose to include all samples where possible for each analysis, which resulted in variable sample sizes across analyses because some samples were incomplete for certain measurements. All statistical analyses were performed with the R program (version 3.1.2-R Development Core Team 2014).
results
In mid winter, population density of red deer in surveyed forest districts (N = 15; Fig. 1 ) ranged from 2.6 individual/km 2 to 7.6 individual/km 2 (X = 5.3 individual/km 2 ). Age of females sampled ranged from 1 to 19 years (median = 4 years). Mean (± SE) dressed body mass was 79.9 ± 0.6 kg. Body mass differed across age classes (F 7,353 = 18.6, P < 0.001); body mass increased with age up to 11 years old, and then decreased in older age classes (Fig. 2a) . Mean (± SE) percentage of mandible marrow fat was 70.9 ± 0.3%. Mandible fat differed among age classes (F 7,432 = 9.2, P < 0.001), with increases during the first 4 years of life, followed by an asymptote (Fig. 2a) .
Female fertility.-In total, 85% of females in the population were fertile. Pregnancy rates significantly varied with age (χ 2 = 129.7, d.f. = 7, P < 0.001). The lowest pregnancy rate (40%) occurred in 1-year olds, increasing to 88% at 2 years, reaching a maximum at 4 years (95%), and slightly declining with age (91% in 12-19-year olds; Fig. 2b ). Age, body mass, percentage of mandible marrow fat, and interaction between age and body mass appeared in all models for pregnancy from the confidence set and hence, had the highest importance weights (Supplementary Data SD1). The averaged model indicated positive effects of body mass (P < 0.001), interaction between age and percentage of mandible marrow (P < 0.03), and significant negative interaction between age and body mass (P < 0.001) on pregnancy (Table 1) . Within the observed ranges, probability of being fertile increased from 0.33 to 1. Probability of pregnancy increased greatly from 52 to 80 kg (Fig. 3) . The percentage of mandible marrow fat had an almost linear positive effect on pregnancy. As mandible marrow fat increased from 50 to 88%, fertility probability increased by 28%. Age had a slight, positive effect on pregnancy (Fig. 3) .
As the highest individual variation in fertility was observed in 1-year olds, we attempted to determine factors affecting fertility of 1-year olds and all older females (2-19 years old) separately. Only body mass was included in all models (Supplementary Data SD2) . In the averaged model, body mass had a significant positive effect on fertility of 1-year olds (P = 0.02; Table 2 ). The greatest effect of body mass was observed in females weighing 60-85 kg, increasing the fertility probability by 47% (Fig. 4) . No significant factors were found in ≥ 2-year-old females (Table 2) .
Early season survival of young and recruitment.-Recruitment rate of young was 52 per 100 females (52% of all females were lactating). Among lactating females, fertility was confirmed for 95%. The proportion of lactating females varied among age classes (χ 2 = 13.34, d.f. = 6, P = 0.038). The proportion of lactating females increased from 48% in 2-year olds to a maximum of 84% in 7-8-year olds and then decreased to 56% in females older than 12 years (Fig. 2b) .
The juxtaposition of lactation and fertility data allowed us to calculate the percentage of young surviving to 0.5 year in relation to age of the mother. Early summer survival of young averaged 73% and ranged from 61% in 3-year olds to 93% in 7-year olds (Fig. 5) . Survival of young increased with female age in 2-7-year olds and decreased in older age classes (7-19-year olds).
discussion
Fertility rate of female red deer from populations inhabiting northeastern Poland was high and similar to populations occurring in continental Europe (Belgium- Bertouille and de Crombrugghe 2002; Germany-Ansorge et al. 1999; Slovakia-Hell et al. 1987; Hungary-Hetlay et al. 1982) and North America (Cook et al. 2004; Stewart et al. 2005; Davidson et al. 2012; Johnson et al. 2013; Proffitt et al. 2014) , and much higher than high-density populations inhabiting suboptimal Scottish upland habitats (Guinness et al. 1978a; Mitchell and Crisp 1981) . In northeastern Poland, females began breeding as yearlings (1.5-year olds), which was common in other populations (Germany- Kröning and Vorreyer 1957; NorwayWegge 1975; France-Bonenfant et al. 2002; United States: Proffitt et al. 2014 ). However, surveys in Italy (Mesola Nature Reserve) and Scotland showed that females reached puberty later (5.5 and 2.5 years, respectively), due to inter-and intraspecific competition for food resources (Guinness et al. 1978a; Ferretti and Mattioli 2012) . In northeastern Poland, fertility of primiparous females was significantly lower than that of adult females. In addition, the fertility of adult females was almost constant across different age classes. The same trend in fertility, but with reproductive senescence in old females, was reported in other populations. For example, in Belgium and United States (Oregon), a fertility decline was detected in 8-11-yearold females (Bertouille and de Crombrugghe 2002; Morano et al. 2013) , and in > 12-year olds in Scotland and Norway (Guinness et al. 1978a; Langvatn et al. 1996) . We detected neither postponed age at 1st breeding nor reproductive senescence. This can be explained by good body condition in yearlings and old females; females could breed as yearlings, while old individuals could reproduce at the same level as prime-aged females. Indeed, such high fertility can be achieved only by females in superior body condition having access to high-quality nutritional resources (Cook et al. 2004) .
Fertility depended on age, body mass, and percentage of mandible marrow fat when 1-year olds were included in the analysis. Inconsistent with our predictions, population density and weather conditions did not influence female fertility. The positive effect of body mass was strongest in yearlings and decreased with age, whereas the opposite relationship occurred for mandible fat content-its role increased with female age. Greater influence of body mass on fertility in yearlings compared to adults can be explained by ongoing investment in body growth. At this life stage, the allocation of resources to fat reserves is secondary. In young females, a critical body mass determines whether (Hamilton and Blaxter 1980) . On the other hand, probability of fertility for adults at full body size is expected to be more related to their fat reserves than to body mass. However, differences in body mass in adults can also robustly reflect variation in fat deposits (Cook et al. 2007 ).
The lack of density dependence in fertility of female red deer in this population could result from a relatively low population density (3-8 individual/km 2 ) and high-quality habitats, which provided sufficient forage at observed deer densities. The effect of supplementary feeding might be negligible as no heavy winter snows occurred during this study; thus, deer could survive predominantly on natural forage. Competition for food resources was probably negligible and not evident in body condition and fertility. Negative density dependence in female reproduction in different ungulates (roe deer -Gaillard et al. 1992; wild reindeer-Skogland 1985; Pachkowski et al. 2013; moose-Schladweiler and Stevens 1973; white-tailed deer-Simard et al. 2010; Soay sheep, Ovis aries-Tavecchia et al. 2005) usually occurred in populations facing harsh environmental conditions. In red deer, the negative influence of population density on female fertility was age related-growing densities affected more the fertility of primiparous females (Clutton-Brock et al. 1987; Bonenfant et al. 2002; Proffitt et al. 2014 ).
Although we hypothesized that unfavorable summer weather (low mean temperatures and low total precipitation) should have had direct and indirect (via forage supply) negative effects Age-specific survival of young was calculated by dividing the proportion of lactating females in a given age category by the proportion of fertile females a year younger. P is sample size used to calculate the percentage of pregnant females in each age category, L denotes sample size used to calculate the percentage of lactating females in each age category.
on fertility of female red deer, we did not find this relationship. We suspect that stable weather conditions (no droughts or extremely high precipitation) during our study, or relatively low population density, reduced the effect of annual weather patterns. In red deer, the negative effect of weather conditions on female fertility was detected when unfavorable weather alone (Langvatn et al. 1996; Proffitt et al. 2014) or in interaction with population density (Coulson et al. 2000) induced shortage of food resources. Besides fertility, survival of young is among the most important determinants of population growth rate (Raithel et al. 2007) . During this study, early season survival of young (73%) was higher than the average survival rate calculated for North American systems with multiple large predators (Griffin et al. 2011) , but similar to those with fewer large predators. In our study area, high survival of young can indicate excellent nutritional conditions for females, thus fulfilling the high energetic demands of gestation and lactation. Nevertheless, survival of young in northeastern Poland was similar or slightly lower than in predator-free systems of Western Europe (Wegge 1975; Guinness et al. 1978b; Clutton-Brock et al. 1987) , which can suggest a moderate effect of wolf and lynx predation. We believe that the forests studied, rich in habitat structure (undergrowth, dead wood), provided female deer with numerous hiding places, which improved survival of newborn offspring (White et al. 2010) .
Summer survival of young increased with age of female, but only in young and prime-aged females, and then decreased in old females. Hence, our hypothesis emphasizing an increase in female condition and experience with age did not explain the decrease in survival of young among the oldest females. A possible explanation for this finding was suggested by Moyes et al. (2006) , who found a positive association between frequent reproduction and survival of the mother: low maternal investment in young increases probability of female survival. Although, in our study, body condition indices at time of measurement (autumn-early winter) did not differ between primeaged and old females, we suspect that such differences could have appeared later, at the end of winter. Old females could have lost condition more intensively and thus invested less in newborn offspring, which may have caused lower survival of young. However, Guinness et al. (1978b) argued that lower survival of young of older females could be associated with declining lactation with increasing age-a physiological phenomenon observed in domestic animals (Bryant et al. 2007 ).
The high percentage of breeding and lactating-breeding females, as well as high survival and recruitment of young, indicated that, at low population densities, forests in northeastern Poland provided female red deer with excellent foraging conditions. Density-dependent mechanisms that operate mainly through female body condition and fertility were apparently weak, which we suspect was because of the level of harvest intensity and predation. High fertility of females, young age at 1st breeding, and the lack of reproductive senescence indicated a high reproductive potential, which compensated for losses caused by predation and hunting harvest. Our study also contributes to a broader understanding of the ecology of ungulates. We offer an example of a system at low density and high reproductive potential, whereas previous studies investigated populations that were more strongly subject to density dependence.
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